Interferon was found to have both suppressive and enhancing effects on the antibody response in newborn and adult mice. Evidence was obtained that these effects are primarily evoked during the initial steps controlling cell proliferation. Stimulation of thymus and spleen cells with a T-cell mitogen was enhanced by low doses and suppressed by high doses of interferon. Treatment of parental spleen cells with interferon before injecting them into immunized Fl hybrid mice resulted in an enhanced allogeneic effect. These results are compatible with the hypothesis that interferon affects T cells and has an immunoregulatory role, either by inhibiting the action of suppressor cells or by promoting immunological maturation.
During recent years a multitude of effects have been ascribed to interferon (IF) . In addition to the well-known antiviral effect, inhibitory and enhancing effects on different normal and neoplastic cells have been reported (8) . As regards immune responsiveness, most reports have described suppressive effects of IF, but enhancing effects may be demonstrable in certain situations. In fact, IF has been suggested to act as an immunoregulatory substance (3, 14) . Recent evidence suggests that the effector molecule of suppressor T cells is an IF, which may thus have a regulatory role on the immune response (4, 13) .
As for the immunostimulatory effect of IF, no explanation is readily available for its mechanism of action. Possible causes of the enhancing effect might be stimulation of macrophage function (12) or enhanced expression of antigenic determinants on cell membranes (16 (Fig.  4) . The enhancing effect of 10 and 100 U as well as the suppressive effect of high doses of interferon was statistically significant (P < 0.01).
In the other set of experiments, DBA/1 spleen (Fig. 4) .
To (Fig. 5) . (Fig. 6) . Similar effects of IF were observed in CFW mice, although the enhancement of deoxyribonucleic acid (DNA) synthesis was more pronounced and was observed even at an IF concentration of 10,000 U/ml. In no instance was any significant inhibitory or stimulatory effect evoked by mock IF.
IF injected into adult mice had significant effects on lymphoid cells, revealed by mitogenic stimulation of thymus and spleen cells 3 days after IF injection. As found in the experiments described above, IF increased the mitogenic response of spleen cells from CBA as well as CFW mice (Fig. 7) . In further analogy with these results, the stimulatory effect of IF was significant even after injection of high doses of IF (10,000 U) in CFW mice, whereas CBA spleen cells were inhibited by these doses. In all experiments, the DNA synthetic response of thymus cells was inhibited by high doses of IF (Fig. 7) , DISCUSSION IF, which was originally described as an antiviral substance, has attracted renewed interest after the discovery of its diverse effects on cellular functions. Among these effects, those concerning immune responses have been somewhat confusing, since IF has been shown to enhance as well as to suppress antibody responses (2, 3, 7) . In the present study we were able to confirm this dual nature of IF function.
It is difficult to exclude the possibility that the activities described both in this paper and in other studies on the biological effects of IF are due to contaminating substances in the preparations used. However, the fact that the effects described in the present report were obtained with very high dilutions of the preparations used and not with mock IF makes it highly probable that IF molecules were responsible for the activities. Confirmatory evidence of this will have to await the results of experiments using pure IF or highly specific antibody to mouse IF.
In adult mice, the most pronounced effect of IF was obtained when it was injected 1 day before antigenic stimulation. No demonstrable effect was observed if IF was given more than 3 days before or more than 1 day after antigen. Since IF has a very rapid turnover (11) , these findings suggest that IF acts on stimulated but not on unstimulated immunocompetent cells and also that this action is an early event during cell proliferation. These suggestions are concordant with the findings of Heine and Adler (10) and Weinstein et al. (27) The IF-induced augmentation of the allogeneic effect is similar to that obtained after treatment of transferred cells with irradiation or cholera toxin, which has been considered to be due to preferential inactivation of suppressor cells (17, 19) . Such cells are also known to be very sensitive to inactivation by cyclic adenosine 3',5'-monophosphate (AMP; 13, 23) . The modulating effects of IF on antibody responses found in the present study are similar to those of cholera toxin (17) . Like cholera toxin, IF appears to react with ganglioside receptors on cell membranes (1, 25) . Cholera toxin is one of the most potent activators of cyclic AMP known. By analogy, it would thus seem possible that the action of IF is mediated by a second messenger, such as a cyclic nucleotide. However, although cyclic AMP appears to potentiate the antiviral effect of IF (6, 26) , there is no evidence that the anticellular activity of IF is mediated by, or dependent on, cyclic AMP (27) , and in preliminary experiments using concanavalin A-activated suppressor cells we have found no evidence of preferential inactivation of suppressor cells.
The finding that IF augments antibody production particularly in newborn mice may lend support to the idea that IF preferentially inactivates suppressor cells, since suppressor-cell activity appears to be more pronounced in young than in old mice (20) . However, the results are equally compatible with the possibility that IF, like cyclic AMP and cyclic AMP-inducing substances, promotes immunological maturation (21, 22) . The latter interpretation gains support from the recent finding that prostaglandin E, which raises cyclic AMP levels, is produced in IF-treated cells (28) .
